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I. 


INTRODUCTION 


The process of converting analog events to a digital form is a problem whenever 
information is to be processed by a digital computer. This report will address itself to the 
problem of translating the time of occurrence of received Loran-C pulses Into a time, 
referenced to a particular period of occurrence. 

This digital word generator is designed as part of a Loran-C sensor processor package 
being developed at Ohio University under the NASA TrI-UniversIty Program. The digital 
information from this word generator is processed in a KIM-1 microprocessor system which 
is based on the MOS 6502 CPU. 

This final system will consist of a complete time difference sensor processor for 
determining position information using Loran-C charts. The system consists of the KIM-1 
microprocessor module, a 4K RAM memory board, a user interface and the Loran-C word 
generator described in this report. 

II. OVERALL CIRCUIT DESCRIPTION 

In describing the interface refer to the overall circuit block diagram. Figure 1 . 

The complete word generator is memory-mapped to the CPU. All Information transfers under 
control of the CPU via address and data busses. The Interface therefore appears as memory 
to the CPU. 

The counter block is a six-digit BCD counter that is incremented at a 1 ^ rate. 

The complete counter is reset to zero by the GRI reset logic every 99300 ps. This corresponds 
to the GRI rate of the East Coast Loran-C chain. The present counter output is always 
available to the tristatc latches. 

Referring to the control logic, a 10 ps TTL compatible puUe generated by the Mini-L 
front end, os described by Burhans (1] , is the input to the interface. The leading edge of 
this 10 ps pulse from the front end also generates an interrupt to the processor which then 
through memory-mapped addressing reads three bytes of data from the Interface. 

There are two control flags that are software driven and control the output of the 
Interrupt from the interface and the control of the GRI sync feature of the counters. These 
flags were provided to allow software flexibility in the sensor proces'.or programs. 

III . DETAI LED CIRCUIT DESCRIPTION 

Referring to Figure 2, a detailed schematic of the Interface, devices U1-U5 are BCD 
counters. They are connected in a count-up scheme and clocked by the buffered 1 MHz 
system clock from U18a. The counter clear inputs are all tied to the output of U17b-9. The 
flip flop U17b, the diodes at U1 5 and the GRI sync enable flag output U20-10 comprise the 
GRI sync logic. If the GRI sync flag is low, then U17b-9 will be kept low and this will 
allow the counters to free run . If the GRI sync flag is high, then as the counter increments 
to 99300 ^.'S, the diode decoder will clock U17b-9 high which will clear all the counters. 
When the MSB of U1 goes low, this resets U1 7b and the cycle will repeat again. 


The control logic is composed of UI6o,b; LM7a; U18a,b,c; U12b. Referring to the 
timing diagram of Figure 3, we see that this logic is responsible for the syncronization of 
the incoming lOps pulse from Mini-L. It also assures that one and only one interrupt pulse 
will be generated. In addition it generates the clock pulse for the tristate latches to 
clock the data from the counters into the latches. Finally it provides a flag input from the 
CPU to enable or disable the Loron interrupts. 

The address decoding is provided by U6; U18d,e,f; Ul?a,c,d. The device that 
simplifies the decoding is the 74 LSI 38 decoder U6. Devices UI8d,e ond U12a,c provide 
a hexadecimal decoding of 3XXX, where the X's are a don't care value. This output along 
with <t>2 enables the decoder U6 and finally provides unique outputs for 3XX0, .JXXl , 3XX2 
used as read only and 3XX3 Is used as write only. Referring to Figures 5 and 6''^'which are the 
6502 CPU Input and output 'iming relationships, we can assume the following and allow the 
decoder U6 to be used as a read and write decoder without read and write steering logic. 

If we define locations 3XX0-3XX2 for read only and 3XX3 for write only and we use <t>2 as 
the decoding enable (rising edge clocking edge and low time as enable), we can see that 
no bus conflict will occur and there Is no need to steer the read/write signals. This scheme 
was used because it simplifies the common logic otherwise requ'red if we were to say read 
and write on eoch individual decoder select outpit. 

The control flag logic Is simply an 8-bit latch that Is enab'ed by the decoder output 
and clocked by the rising edge of C>2. 

IV. TESTING AND VERIFYING THE INTERFACE 

To test the interface an interrupt process routine was written that would service the 
interrupt, get the data and display It on the KIM-1 display. Appendix A contains the soft- 
ware listing. Figure 7 Is a basic flow chart of the testing routine. This routine is built 
around some of the display subroutines contained In the KIM-1 monitor[2] . The testing 
routine allows, along with the Minl-L front end, the observation of waveforms on an oscillo- 
scope to verify the timing and, therefore, proper operation of the word generator. This routine 
can also be used as a qualitative test of the Mini-L front end, Loran-C word generator and 
the KIM-1 microprocessor system. 

V. SUMMARY 

In conclusion the Loran-C word generator described in this report has been built 
and is operating on a KIM-1 microprocessor system. This interface is by no means o unique 
or ultimate solution bu^ ltaccomplisl.es present goals in developing Loran-C sensor processor 
techniques at Ohio University. (See Figures 8 and 9 for photographs of the system). 

VI. REFERENCES 

[ 1 1 MINI-L LORAN-C RECEIVER, R.W. Burhons, NASA TM48, March 1977. 

( 2 1 KIM-1 MICROCOMPUTER MODULE USER MANUAL, MOS Technology, Inc., 

August 1976 . 

1 3 ) MCS6500 MICROCOMPUTER FAMILY PROGRAMMING MANUAL, MOS 

Technology, Inc., January 1976. 
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